While Giardia duodenalis infection has been consistently associated with nutrient malabsorption and stunting in children, the effects of other protozoans on nutritional status or gastrointestinal morbidity are less clear. We sought to determine whether infection with common intestinal protozoans including Giardia duodenalis, Entamoeba coli and Blastocystis hominis was associated with anthropometric and micronutrient status, gastrointestinal symptoms, visits to the doctor or school absenteeism in children 5-12 years of age from Bogota´, Colombia. We obtained stool samples from 442 children enrolled in primary schools in 2006 and examined the presence of intestinal protozoans in relation to height, body mass index, plasma concentrations of vitamins A and B12, ferritin and zinc and erythrocyte folate. In addition, we examined the associations between protozoan infections and the incidence of common gastrointestinal symptoms, which were registered prospectively in morbidity diaries. The prevalence rates of G. duodenalis, E. coli and B. hominis infection were 6.3, 23.1 and 22.4%, respectively. Giardia infection was associated with lower height-for-age z-score (p ¼ 0.04), whereas E. coli infection was associated with low erythrocyte folate (p ¼ 0.04), and B. hominis infection was related to higher vitamin A levels (p ¼ 0.05). Infection with E. coli was also associated with a significantly higher incidence of fever but fewer visits to the doctor, while B. hominis infection was associated with significantly less diarrhea, diarrhea with vomiting, doctor visits and school absenteeism. In conclusion, G. duodenalis and E. coli infections were associated with indicators of poor nutritional status in this population, while B. hominis was related to apparently decreased morbidity.
Introduction
Chronic intestinal parasitosis is a common problem among children in resource-poor environments, particularly in Latin America [1] [2] [3] [4] [5] . For example, in a study among 1016 impoverished Colombian boys, 63% of the children had some type of intestinal parasitosis [5] . Despite the high prevalence of parasitoses, the effects of these infections, especially of those by so-called 'non-pathogenic' protozoans, on human nutrition and overall health remain poorly understood.
While it has been relatively well established that infection with Giardia duodenalis is associated with impaired nutrient absorption as well as stunting and other health problems in children [3, [6] [7] [8] [9] [10] [11] [12] [13] , there is not consistent evidence on the role of infection with Entamoeba coli and Blastocystis hominis on child's growth, micronutrient status and clinical symptoms.
In this study, we aimed to examine the associations between infection with G. duodenalis, E. coli or B. hominis and nutritional outcomes including anthropometric and micronutrient status, gastrointestinal symptoms, visits to the doctor and school absenteeism in a population of school children aged 5-12 from lowto middle-income families in Bogota´, Colombia.
Materials and methods

Study population
This study was conducted as part of a project on health and nutritional status of primary school children from Bogota´, Colombia. Details on the study design and population have been described previously [14] . In brief, in February 2006 we recruited 3202 5-12-year-old children who were enrolled in public primary schools around the city. The sample was randomly selected with the use of a cluster sampling technique in which clusters were defined as the classrooms of all 361 public primary schools in the city at that time. The sample is representative of low-and middle-income families of Bogota´, considering that the public school system enrolls the majority of primary school-age children in the city, and most of them belong to these socioeconomic strata. Primary care providers gave written informed consent for participation prior to enrollment. The research protocol was approved by the Ethics Committee of the National University of Colombia Medical School. The Institutional Review Board at the Harvard School of Public Health approved the use of data from the study.
Field procedures
At enrollment, we collected data on the family's sociodemographic characteristics with the use of a self-administered survey that was completed by 81% of the parents. The survey inquired about place of birth, maternal parity, education and marital status and household socioeconomic characteristics.
During the next few weeks of February, teams of research assistants visited the schools to obtain anthropometric measurements and a fasting blood sample by venipuncture that was later used to determine micronutrient concentrations. Height was measured to the nearest 1 mm with the use of wall-mounted portable Seca 202 stadiometers and weight was measured to the nearest 100 g with the use of Tanita HS301 electronic scales (Tanita, Tokyo, Japan), following standardized protocols [15] . Approximately 4 mL blood was drawn into EDTA tubes under a protocol to prevent hemolysis. Another aliquot was drawn into a trace-element-free polypropylene tube (BD vacutainer). Tubes were transported on ice, protected from sunlight, to the National Institute of Health in Bogota´, where laboratory analyses were performed.
We collected information on the incidence of gastrointestinal symptoms between February and October 2006, with the use of pictorial diaries that were given to the parents or caregivers each week. The diaries had cartoons depicting symptoms of common illnesses. The parents were asked to check a box in the diary each day the child had any symptoms including fever, cough, diarrhea or vomiting, the child visited the doctor or the child was absent from school. A sufficient number of diaries were distributed before vacation times and collected after children returned to school. We obtained 50 153 diaries, with a median 17 diaries per child. The use of calendars to obtain information on child gastrointestinal symptoms has been found to be useful in previous epidemiological studies conducted in other settings [16, 17] .
In May 2006, we requested a random group of 500 participating children to provide a stool sample for analyses of intestinal parasitoses. A plastic container was provided along with collection instructions and children were asked to bring the collected sample to the school on the following day. Research assistants received the samples and transported them on the same day to the National Institute of Health in Bogota´. Samples were available from 442 children.
Laboratory procedures
We separated plasma in one aliquot, where we measured ferritin and vitamin B12 concentrations using competitive chemiluminescent immunoassay in an ADVIA Centaur analyzer (Bayer Diagnostics, Tarrytown, NY, USA). C-reactive protein level was measured using a turbidimetric immunoassay on an ACS180 analyzer (Bayer Diagnostics, Tarrytown, NY). The packed red cell volume was hemolyzed by dilution in a hypotonic aqueous solution of 1% ascorbic acid. Erythrocyte folate was measured on the red blood cell lysates using chemiluminescent immunoassay. Plasma retinol was quantified using high-performance liquid chromatography on a Waters 600 System (Waters Corporation, Milford, MA, USA). Serum zinc concentrations were quantified on the sample collected in the trace-element-free tube with the use of the atomic absorption technique described by Makino and Takahara on a Shimadzu AA spectrophotometer [18] . Fresh stool samples were examined on the day of collection. Samples were concentrated with the use of the formol-ether technique, and presence of intestinal parasites (cysts and ova) was determined through direct microscopy by a single examiner. Test results were returned to the children's parents with a referral note for treatment when pathogenic protozoans or helminths were found.
Data analysis
We included in these analyses the 442 children in whom stool samples were available. The prevalence of helminthiases was negligible (only one child had Ascaris lumbricoides and one had Trichuris trichiura). Thus, we limited the analyses to protozoans, of which the most prevalent (>1.5%) were G. duodenalis, E. coli and B. hominis.
We compared the prevalence of each parasite by levels of potential sociodemographic confounders with the use of chi-square, Cochran-Armitage and Fisher's exact tests. Next, we examined the associations between infection by these protozoans and child anthropometry, micronutrient concentrations and the incidence of gastrointestinal symptoms during the school year. Anthropometric outcomes were sex-specific height-for-age and BMI-for-age z-scores, according to the 2007 WHO reference [19] . Micronutrient status biomarkers included plasma vitamins A (retinol) and B12, ferritin (an indicator of iron stores), erythrocyte folate and serum zinc.
We compared the distributions of continuous outcomes (anthropometry and micronutrient concentrations) by the presence of each protozoan with the use of the Wilcoxon rank-sum test. Next, we fitted linear regression models to estimate the difference in each continuous outcome according to protozoan infection, and adjusted for potential confounders including child's age, sex and socioeconomic status (SES) indicators. Models for ferritin and retinol were also adjusted for C-reactive protein as a means to control for the acute phase response. Robust estimates of the variance were used to build 95% confidence intervals (CIs) around the mean differences [20] .
Finally, we examined whether intestinal protozoan infection was prospectively associated with a higher risk of morbidity and school absenteeism, using the information collected on the pictorial diaries. Outcomes were days with fever, diarrhea, diarrhea with vomiting, visits to a doctor or health facility and school absenteeism. We calculated incidence rates as the number of days with each event divided by the number of days under observation during the school year. We estimated incidence rate ratios and 95% CI for each of the outcomes using Poisson regression models adjusted for child's age and sex, number of household assets, whether the child was born in Bogota´and whether the child was infected with each of the three protozoans. Models were offset by the log of the number of days under observation. For school absenteeism, weekends and vacation days were excluded. Analyses were performed using the Statistical Analyses System (SAS) software version 9.1 (SAS Institute). For all analyses, statistical significance was defined as p 0.05.
Results
Children who provided a stool sample did not differ from the rest of the cohort with regards to age, sex, place of birth or anthropometric status. However, they tended to belong to higher SES families. Mean age (SD) of children at the time of sample collection was 9.0 (1.6) years; 48% were girls. Prevalence rates of infection by G. duodenalis, E. coli and B. hominis were 6.3, 23.1 and 22.4%, respectively. G. duodenalis infection was positively associated with male sex and mother's parity, and inversely related to the number of household assets (Table 1) . Children <7 or >10 years of age had higher rates of infection than those aged 7-10 years. Infections with E. coli and B. hominis were related to child's age, and inversely (albeit not significantly) associated with the number of household assets. B. hominis infection was significantly more prevalent in children born outside Bogota´than in those from Bogota´. Table 2 ). Children infected with G. duodenalis also had lower BMI-for-age z-scores in multivariate analyses, although this association was not statistically significant (p ¼ 0.08). Infections with E. coli and B. hominis were not significantly related to anthropometric indices.
Giardia duodenalis
Next (Table 4) . However, E. coli infection was related to a 39% higher incidence of days with fever (p < 0.0001) and 29% fewer doctor visits (p ¼ 0.004) during the school year. In multivariate analysis, B. hominis infection was significantly associated with 25% fewer days with diarrhea (p ¼ 0.001) and 56% fewer days of diarrhea with vomiting (p ¼ 0.001), 28% fewer doctor visits (p ¼ 0.006) and 33% less school absenteeism (p ¼ 0.0002).
Discussion
We examined cross-sectional associations between infection with intestinal protozoans and anthropometric and micronutrient status indicators in school children from low-and middle-income families in Bogota´, Colombia. In addition, we analyzed the relation between protozoan infections and the incidence of morbidity symptoms using a longitudinal design.
Our finding of an association between G. duodenalis infection and stunting is consistent with previous studies [5] [6] [7] [8] [9] [10] . Giardia duodenalis infection could lead to stunting through nutrient malabsorption in the intestine. While a number of studies have found associations between G. duodenalis infection and micronutrient deficiencies [9, 11-13, 21, 22] , this was not the case in our study. It is possible that we lacked statistical power to detect associations between giardiasis and micronutrient status, or that the relation between G. duodenalis infection and stunting is mediated through other mechanisms.
We found that B. hominis infection was associated with increased plasma retinol concentrations and with decreased incidence of gastrointestinal symptoms, doctor visits and school absenteeism. These findings were unexpected and should be interpreted with caution considering that some previous studies have shown that B. hominis infection was associated From linear regression models with height-for-age z-score or BMI-for-age z-score as the outcome and predictors that included sex, age, number of household assets, whether the child was born in Bogota´and whether the child was infected with each of the three protozoans.
with increased gastrointestinal morbidity [23] [24] [25] [26] [27] .
Other studies, however, did not note significantly more complaints of diarrhea and other gastrointestinal symptoms among individuals infected with B. hominis [28] [29] [30] . The discrepancies across studies could be due to differences in the predominant subtype of B. hominis between populations, because recent evidence suggests that the morbidity patterns associated with B. hominis infection vary according to the microorganism subtype [27, [31] [32] [33] [34] . Differences in the severity of infection, which we were unable to determine, may also explain the discrepancies in the results across studies [27, 35] . In addition, although we adjusted for age, sociodemographic characteristics and whether or not the child was born in Bogota´, there is also still the possibility of residual confounding by co-infection with other microorganisms that we did not detect.
Whether infection with B. hominis could decrease morbidity by suppressing the effects of other microorganisms is speculatory and deserves additional investigation. Escherichia coli infection was associated with lower erythrocyte folate levels and higher incidence of fever in this population. These associations have not been reported in previous studies, and to date, E. coli is largely considered a non-pathogenic species in humans [36] . One explanation for this association might be that pathogenic Entamoeba histolytica parasites were confounded with E. coli in laboratory analyses, due to their similar appearance [37, 38] . However, a trained and experienced professional conducted the laboratory analyses in this study. On the other hand, E. histolytica infection typically produces diarrhea, often dysenteric, and we did not find a significant association between E. coli and diarrheal disease. It is also possible that these associations have not been reported previously because few studies have examined E. coli infections in relation to adverse health outcomes. In light of these results, our finding that children with E. coli were less likely to visit the doctor is also somewhat unexpected. Additional studies in other populations are warranted to confirm or refute our results.
There are limitations to this study. First, since stool samples were collected only once, we do not know if infected children suffered from chronic infection or whether infection was recent. In the latter From linear regression models with each nutrient biomarker as the outcome and predictors that included sex, age, number of household assets, whether the child was born in Bogota´, C-reactive protein (plasma ferritin and plasma retinol only), and whether the child was infected with each of the three protozoans. From Poisson regression models with days of each symptom as the outcome and covariates that included sex, age, number of household assets, whether the child was born in Bogota´and whether the child was infected with each of the three protozoans. Models were offset by the log of the number of days under observation.
case, our estimates of the association between chronic infection and nutritional status may be attenuated. Second, we lacked measures of the severity of infection. Third, analyses of the relation between protozoan infection and anthropometry and micronutrient status were cross-sectional, thus, we are unable to determine the temporal sequence of events, and cannot make causal inferences. Fourth, the validity of the parental report of symptoms with the use of the morbidity diaries is unknown in this setting. Lack of validity could introduce misclassification of the exposure and bias the results if it is differential with respect to exposure or outcomes. Finally, because the sample included only children from public schools, results may not be generalizable to all school-age children in Bogota´. Strengths of the study include the prospective nature of the morbidity analysis, and the use of a representative sample.
In conclusion, we found that the prevalence of giardiasis was not negligible in this population and should be addressed through public health efforts to increase good hygiene practices like hand washing and cleaner food preparation. Additional prospective studies are needed to confirm the unexpected associations found between E. coli and B. hominis infection and morbidity symptoms.
